INTRODUCTION
Measles is a highly contagious viral disease that infected more than thousands of Koreans each year before the introduction of vaccine into the country's national immunization program in the 1980s. Despite the use of vaccine, measles control in Korea remained a public health challenge until the early 2000s (1) . In response to a large outbreak in 2000-2001, the Korea Advisory Committee on Immunization Practices recommended 2 doses of measles-containing vaccine (MCV), with the first dose given between 12 and 15 months of age and the second dose given between 4 and 6 years of age (2, 3) . As a result, the number of reported measles cases has decreased from 23,060 in 2001 to 11 in 2002 and 13 in 2003, and Korea declared in 2006 that measles had been eliminated (4, 5) .
Between 2006 and 2010, however, a reemergence of measles was observed in small, susceptible populations in kindergartens, schools, and hospitals (6) (7) (8) . Although the number of measles cases were small, these intermittent outbreaks were deemed importance because they demonstrated the need for the Korean government to mount additional efforts to completely eliminate the disease.
In 2011, suspected measles cases reported to the Korea Centers for Disease Control and Prevention (KCDC) were mainly from Gyeongnam Province, located in the southeastern part of the country. To identify the factors contributing to the reemergence of measles in Korea, this report reviews the epidemiologic characteristics of cases occurring in this outbreak.
METHODS
We analyzed all confirmed measles cases reported to the KCDC from January 1 to December 31, 2011 in this descriptive cross-sectional study. The Prevention of Infectious Diseases Act of Korea mandates physicians to immediately report a suspected measles case (fever, rash, and one or more of cough, coryza, or conjunctivitis) to the KCDC. Following the notification of a suspected case, we then conducted active case-based epidemiologic investigation and laboratory testing.
Confirmed measles cases were defined as cases that met the laboratory criteria for measles or those with epidemiologic linkage to another laboratory confirmed case. Laboratory criterion was defined as the following: positive serological test for measles-specific IgM antibody, 4-fold increase in the IgG antibody titer in acute and convalescent serum specimens, or a positive virological test (reverse transcription-polymerase chain reaction [RT-PCR] or virus isolation using the Vero/SLAM cell line).
Confirmed cases were classified according to their source of transmission as either in-Gyeongnam cases (i.e., the source of transmission was from Gyeongnam Province) or out-Gyeongnam cases (i.e., the source of transmission not from Gyeongnam Province). Nosocomial transmission was defined as a confirmed case with identified contact with another confirmed case in a hospital 7-18 days before the onset of rash; com-I 
MCV, measles-containing vaccine. munity transmission was an infection that did not result from nosocomial transmission. Immunization status was reviewed for all confirmed cases using immunization record books, medical records, or the computer-based national immunization registry. Timely immunization was defined as receiving the first dose of MCV (which is recommended between 12 and 15 months of age) before 15 months of age and the second dose (which is recommended between 4 and 6 years of age) before 6 years of age. The first dose of MCV after 15 months of age and second dose after 6 years of age was considered non-timely immunization.
Ethical approval was not required by our institution for the investigation of disease surveillance data.
RESULTS
From January 1 to December 31, 2011, the KCDC received reports of 41 suspected cases meeting the definition as a confirmed measles case in Korea. The cases were reported from 7 provinces: Gyeongnam (n ＝ 32), Seoul (n ＝ 3), Gyeonggi (n ＝ 2), Gangwon (n ＝ 1), Gwangju (n ＝ 1), Daejeon (n ＝ 1), and Incheon (n ＝ 1). They ranged in age from 7 months to 35 years (median age of 23 months). Nearly two-thirds of the cases involved male subjects (Table 1) . In consideration of all reported cases, 32 (78z) patients had no history of measles immunization or their history of immunization was unknown, and 8 patients (20z) had received 1 dose of immunization. In cases reported from Gyeongnam Province (n ＝ 32), the median age was 24 months (range, 7 months-35 years), 72z were male, and 84z had no or unknown history of immunization. In cases reported from outside of Gyeongnam Province (n ＝ 9), the median age was 17 months (range, 8 months-28 years), 33z were male, and 56z had no or unknown history of immunization (Table 1) . Table 2 shows the immunization status of the inGyeongnam cases according to age group. Among all cases, 56z (n ＝ 18) had no history of receiving measles immunization, 22z (n ＝ 7) had unknown history, and 13z (n ＝ 4) had received 1 dose of immunization. Timely immunization was not received in 28z (n ＝ 9) of the cases. Infants under 12 months of age (n ＝ 7) accounted for 22z of the cases ( Table 2) .
The outbreak in Gyeongnam began on the 14th epidemiologic week and lasted until the 40th epidemiologic week of 2011 (Fig. 1) . The epidemic curve indicated person-to-person transmission with 3 distinct generations. After the third generation of transmission, the outbreak continued to spread at relatively low level, and ended after the first week of October (Fig. 1) . During the outbreak period, no patients had serious complications such as pneumonia or encephalitis.
Among the in-Gyeongnam cases, we identified the route of transmission for 23 (72z) cases (Fig. 2) . The outbreaks occurred in 3 hospitals, 2 households, 1 kindergarten, and 1 day-care center. In the 2 hospitals affected (B and D), transmission was extended to 4-5 generations (Fig. 2) . The first nosocomial transmission began in hospital B after the 2 patients from household A were admitted in late May 2011. The primary source of transmission of the outbreak could not be identified. Two generations of transmission subsequently occurred during a 6-week period. Of the 7 cases from hospital B, 1 case (M/27) was in a hospital staff with no previous immunization history. Among the secondary cases in hospital B, we could not find an epidemiologic linkage with other outbreaks. However, we identified 1 patient who developed fever, rash, and coryza, and had a linkage between hospital B and kindergarten C, but who refused to participate in the investigation. A second nosocomial transmission occurred in hospital D after the admission of 2 patients who attended kindergarten All contacts between sources in the transmittable period (4 days before and after rash onset) and cases in the incubation period (18 days before rash onset) are connected with solid arrows and any suspicious associations are connected with dashed arrows. We could not classify 1 suspicious case marked (s) as a confirmed measles case because of parental refusal to participate in the investigation. * denotes cases with virus isolated.
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C. Three generations of transmission subsequently occurred during a 5-week period, and an inapparent independent case was identified in the first week of October. We were not able to identify the source of infection for independent transmissions, which occurred in hospital F, day-care center E, and household G. Among all independent cases, none were identified to have history of travel or contact history with persons with history of travel within period of incubation.
RT-PCR and virus isolation was performed for 91z (n ＝ 29) of the in-Gyeongnam cases. Results of these tests found that the D9 genotype (the first type of measles identified in Korea) was isolated from 11 patients; 6 from hospital D, 2 from day-care center E, 1 from household A, 1 from hospital F, and 1 from an independent case. The same tests that were performed in 33z (n ＝ 3) of the out-Gyeongnam cases resulted in the isolation of D9 type virus from 1 patient. The patient had a history of overseas travel to the Philippines within the incubation period, but we were not able to find any epidemiologic association with the cases reported from Gyeongnam outbreak.
To respond to the outbreak, we developed and distributed a guideline that emphasizes early identification and strict isolation of any suspected measles cases. Timely immunization was encouraged through press announcements. If indicated, hospitalized children aged above 6 months in the affected hospitals were recommended to receive MCV.
DISCUSSION
During the Gyeongnam outbreak in 2011, measles infection occurred across all age groups, mostly in susceptible populations who were not adequately immunized (97z). This supports the findings of our 2008 report, in which 14 (93.3z) of 15 measles cases were those without adequate immunization history (6) . Although high immunization coverage surrounding the infected cases may have averted the outbreak, we found this small group of susceptible population who are underimmunized and therefore are vulnerable when an introduction of virus to the community occurs, could be a large threat to sustain measles elimination in Korea (9) . As the recent European experience has shown, achieving timely, high immunization coverage is crucial to prevent outbreaks of disease (10) .
One of the most prominent features of this outbreak was the large number of reported cases in infants aged 6-11 months, who were below the current recommended age for immunization. This shift in age is not dissimilar to that of reports from the United States and Israel (11, 12) . Although the probability of exposure to measles was higher in the older age group, establishment of high 2-dose MCV coverage since 2003 might have resulted in this downward age shift in reported cases of measles in Korea (13) .
Moreover, as in 2007 outbreak, the Gyeongnam outbreak repeatedly demonstrated the transmission of measles through healthcare facilities (7, 8) . The outbreak was most likely aggravated by the transmission of virus to infants aged 6-11 months in hospital D, which operates one of the largest children's outpatient clinics in Gyeongnam Province (Fig. 2) . Not surprising for a country with easy accessibility to healthcare facilities, frequent outpatient visits or hospitalization of infants aged 6-11 months to hospital D may have facilitated the transmission of measles. Since 2007, Korean hospitals have standard guidelines for the control of nosocomial transmission of infectious diseases. However, most outpatient clinics have no such guidelines. In response to the Gyeongnam outbreak, the KCDC has updated the existing guidelines to include admission of suspected measles cases to isolation wards; and this practice is now in place in most outpatient clinics in Gyeongnam Province. In addition, more sensitive surveillance measures to detect suspected measles cases admitted to hospital are needed.
Although we were not able to confirm an epidemiologic link to an internationally imported case, we identified virological evidence of importation in 11 cases (genotype D9). Because the disease is still common in many other countries, measles can be imported into the country by foreign or returning travelers, even though Korea has declared the elimination of measles. Gyeongnam Province, located in the southeastern part of Korea, has the largest industrial complex in the country, which recruits large population of foreign migrant workers from China, Indonesia, Vietnam, the Philippines, and other countries. As in other countries attempting to eliminate measles, importation of the disease may cause outbreaks and can be a major threat to sustained measles elimination (14, 15) .
Our observations have several potential limitations. First, it presents a relatively narrow scope of examination and the outbreak occurred over a short period of time. Further evaluation to estimate differences in immunization coverage rate between the in-Gyeongnam and out-Gyeongnam cases must be conducted in order to fully explain the current outbreak. Second, because the immunization registry was established in 2002, we do not have a complete immunization history of 7 patients aged over 9 years. Lastly, our investigation and surveillance failed to identify the primary source of transmission, which suggests that additional measles cases were probably not identified, and the current description of an outbreak could be underestimated than the true magnitude of the disease transmission. However, despite these potential limitations, our observations highlight the necessity of timely measles immunization, implementation of guidelines to control nosocomial transmission, and the need for enhanced surveillance to identify imported cases of the disease.
In conclusion, we reported an outbreak of measles in Gyeongnam Province of Korea that occurred in hospitals and kindergartens in an under-immunized and susceptible population. The identification of the D9 genotype measles virus in geographically localized region demonstrates that a disease outbreak can be facilitated by importation in a country where the disease has been eliminated. The outbreak described in this report may provide guidance for clinicians and public health officers on the patterns of measles transmission and identification of susceptible populations in Korea.
